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Description 

Tnis invention relates to devices and methods for detecting multiple anaiytes in samples 
Detection of anaiytes presc-M in trace amounts in a sample requires sensitive and specific methods Otherwise, 
s detection of sucn analyies may oc Hindered by me presence of substances found at higher concentrations in the 

sample. This problem * compounded if me analyte does not nave a physical or chemical property tnat renders it easy 

io detect 

Senosensers are devices mat include groups Or sets ol probes tnat facilitate detection of target nuCie,e adds m 
samples For example Beatt.e «rai (Clin.Cnem. 41(5) 700-706. 1 995} describes d fiOWtnrough genosensoreonsisjmg 
io o? a single layer silicon wafer contain^ a 3 x 3 matrix of nude* acid prooes A sample suspected of containing a 
target nucie,c ac,o 16 which the proses can umo ib passed through the genosensor by application of a si,gm vacuum 
or suction 

Another aevite used to detect target molecules in samples is a dipstick, which is an elongated strip containing a 
probe such as an antibody. Tne dipstick is immersed into a sample suspected at containing a molecule that binds to 
« the probe. For example Urnovitz, U.S. Patent No. 5,447,837 (i 995). describes a ci.pst.cK that contains discrete areas, 
each containing different artHMOlM or anngans. for use m detecting the presence at corresponding antigens or anti- 
bodies in a sample. 

Summary ol me invention 

20 

Tne invention provides assay oevices tnat eacn inciuoe a vessel or a cnannei (e g , & lube) cont&ining a linear 
array of binding eiemenis. each navmg a binding factor, or probe, specific tor a distinct target analyte linked thereto. 
'Tne devices can oe usea ,n methods tor tne simultaneous analysis of multiple analytes m a sample. Whan usea .n 
these memoes, a linear array of signals tnat resemoles a barcode is generated m the devices. 

25 Aceord,neiy, in one aspect, the invention features an assay device for ismm g an analyte (e.g.. a nucleic acid, a 
polypeptide, a caroonydrata. a lipid, a metabolite, or a drug) trom a sample. The assay device consists of a tube, such 
as a capillary tube, containing a linear array of binding elements mat eacn are linKaa to a distinct binding factor, to 
*nich a corresponding specific component binds. Each of tne Dinning elsments m the assay devce are configured to 
seaimgiy contact tne mianor surface of the luce along me entire circumference of the binding element. Tne Dinang 

so etements can be configured to be adjacent to one another or they can e-e separated by regions lacking flisunet ending 
lectors 

Tho distinct binding factor ol at least one of the binding elements can consist ol a capture probe, m which case 
the corresponding specif component is a target analyte, Alternatively, the distinct binding factor of al least one ol tne 
binding elements can consist of a member ot a specrf.0 binding pair, in which case the correspond^ specie component 

3S is tne other member of the specie ending pair and a capture prooe mat o,nas to ihe analyte. 

Tne di&lmct binding tactor of at least one of tne binding elements can consist of a nucleic acid, tor example, a 
nucleic acid mat consists of a portion of an autncataiyiieaiiy raphcable nucleic acid, or a polypeptide. 

In a second aspect, tne invention features a method for detecting the presence ot an analyte (e.g.. a nucleic acid, 
a polypeptide, a caroonyarato. a lipid, a metabolite, or a drug) In a sample in this method, me analyte is labeled witn 

*o a detectable label (&»., a detectable iaoei mat is provided by a detector probe, which can be, e.g.. a nucleic acid or a 
polypeptide) and is contacted with a capture prose, which can be, e.g., a nudoic acid or a polypeptide, to form an 
anaiyte-capture probe complex on a specific binding element m a device of invention. Detectable label that is not 
specifically OOuna to mo analyte m tne complex is tnen removed from the devce so that the detectable label on mo 
cnomg clement can men be detected as a measure ot the presence ol the &n&iyte in the sample Preferably, su&stan- 

->s naily alt of me detectable lac-el that is not specifically bound to tne analyte m the complex is removed from tne device 
For example, preferably at least 50%, or, more preremoiy. at least 70%. 80%. 90%, 95%. « 1 00% ot tne unbound label 
is removed 

The diswicl binding lactor can consist of a capture prooe ano tne contacting step can be earned out by passing 
the analyte through the dev.co one or more times. The analyte can oe passed through the device by. e.g., mechanical 

w pumpmg or Dy application of an electric field to the analyte The labeling step and me contacting step can oe earned 
out simultaneously or, alternatively, tne contacting step can be earned out before tne laeeling step. 

in one example of the memoo ot tne invention, me analyte consists of A nucleic acio, me detector probe consists 
ot a portion ot an amocaialytically replicable nucleic ae,a on one end and a first analyte binding element on the other 
end, and me capture probe cons.sts ef me remainder of me autocstalytcaliy repine nucie t e acid on one end and a 

ss gacono anaiyre-Qinomg clement on the other end. The tirsi sna second anaiyio-bmdmg elements bind to adjacent 
nucleotide segments m the nude* acid analyte Tn>s method includes steps of (1 ) ligaiing the first ano second anatyts- 
binding elements to eacn other to form a replication template, and (2) replicating the template to generate the detectable 
signal. 
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Rather than oeing a capture prooe. me distinct binding factor of me binding element can Do a member of a specific 
binding pair and a separata capture probe can contain the other member ot me specific binding pair. The contacting 
3iep can be earned out o.g . by passing trie sample ana Die capture prooe through the dev.ee, 

The in*ent.oo also includes an assay system including a means for providing active fluid transport m fluid commu- 
e mcatKsn witn me assay device ot ma invention. Also included in tne invention is an assay system including a fluid 
Transporter that i3 m fluid communication with the device Of tne invention. 

Al»o included m trie invention is an assay oev.ee lor .soiatmg an anaiyte from a sample, wnicn dev.ee includes a 
channel (a g a tube- or a cnanne! etched .nto a surface, such as a glass surface) having an ihtenor lumenai surface 
and contammg a I mear array of Dindmg elements Each of the binding eiaments m this device includes a distinct binding 
io tactor to which a corresponding specific component ends. In addition, each ot me Dmdmg elements , n m* dev.ee 
.nciuoes tnc lumenai surface of a distinct r egw o1 the channel. At least one ot me o**n bmdiftfl tactore ,n m.s dev.ee 
is bound io at least one ot the binding olements by a method suen as photolithography or chemical coupling (see oelow) 
The invention provides several advantages. as >l permits simultaneous analysis of multiple analytes in a sample 
on a micro-scaie w.th high sensitivity. Became detected analytee are physically separated on me devices, it .s not 
is necessary xo use distinct laoels on detector probes mat are specify for different analytes. The methods of die invention 
also require only small sample and reagent volumes (although large volumes can be used, .f desired), and are rapid 
ana readily adaptable to automation. A Key feature of me devices is their capacity to isolate and concentrate an anaiyte 
from a dilute sotoon mo a small capture tone (<,a, a binding element) in a devce oi the invanw*. which represents 
a pnysicai amplification. This provides for increased sensitivity and avoids the need lor enzymatic amplification, such 
20 as bv usa of ma polymerase cnain reaction (PCR). in some applications. 

in certain emDoo,ments. me prooes useo in tne aav,ces ana mstnoas of me invention are nucis,c acoa a pd,r oi 
nucis,e acid molecules (or two regions within a single nucleic acid molecule) are said to •nyBnd.w to each other il 
ihey torm a duplex by ease pairing interactions between them As is Known in the art, hybridation Detween nucleic 
ac,d pairs oocs not require complete complementarity between me ny&rioamg regions, out only thai mere is a sufficient 
zs laufil of base pairing id maintain me duplex under the nyDno.zaiion conditions used. 

Hybridization reasons are typically carried out unoer 'strmgant conditions.- e.g.. low to moderate stringency con- 
o.tions in which specific and some non-spee.fie interactions can occur. After nybr.dizai.on, wasning can be carried 
unoer nignor sinngency conditions to ahminaic non-specific Dindmg. As is xnowri * m is field, optimal wasningconditions 
ean be determined empirically. a.p . by gradually increasing me strtngeney. Condition parameters mat can be chanced 
30 to aftect stringency .nc-luae. o g.. temperature and $an cancellation In general, me lower the salt coneemiaiion and 
the higher me temperature mo higher the stringency For example, washing can be initiated at a low temperature (ft 
9 roomiemperatufo), using a solution containing an equivalent or lower salt concentration as the Hybridization solution. 
Suosequeni washing can be carried out using progressively warmer solvtions navmg me same salt solution. Alterna- 
tively me salt concentration can be lowered and me temperature maintained in the washing step, or tne salt concen- 
35 (ration can oe lowered and me temperature incroased Such standard variations are Known in the an. Add.t.onai pa- 
rameters can be altered to affect stringency including. ?S, me use ot a destabilizing agent, such as tormam.oe 

in nucleic aoo nyondization reactions, the cono>Ucns used io achieve a particular level oi stringency will vary, 
gepenong on the nature of me nucleic a&as be.ng hybridized. For example, me lengm, degree of complementarity, 
nucieottdo sequence composition <&(?., GC v. AT content), and nucie,c ac>a type [o.g.. Rna v DnA) of the hybrid.2.ng 
« regions of me nucleic acids can be considered in selecting nybridizanon conditions. An additional consideration is 
whemer one ot tne nucleic acids is immobilileo. tor example, on a filter 

As tunher described below (see Example 11), an example of hybridization conditions mat can oe used in the methods 
ol me invem.on involves hybridization at room temperature m 3x SSC. and subsequent w&snmg in 3 x SSC Thus, in 
mis example the stringency is not varied from the hybridization io me wasn in anotnci example CBscnoeo oeovv (see 
«s Example ii) nyondizawn ,s carried out at room temperature m 3x SSC, and subsequent wasnes are earned out m 3 
x SSC at me following temperatures: 25'C. 42'C, 52»C, 53°C, ana 70°c. 

Another example ot progressively higher stringency conditions is as follows: 2 x SSCJO.t% SDS at about room 
temperature (hybridization wna.t^s); 0.2 x SSC/0.1% SDS at about room temperature (low sinngency conduce); 
0 2 x SSC/0.1% SDS at aoout 42°C (moderate stringency conditions); and 0.1 x SSC at about 68*C (h.gh stringency 
so condition*) Washing can be earned out using only ope of these conditions, e.g., hign stringency conditions, or each 
of the conditione can be usea e g. tor 10-1& minutes escn, m the order ustca above, repeating any or all of the steps 
listed However, as mentioned above, optimal conditions will vary.oepencmg on me particular hybndization reaction 
involved and can he doiermmed empirically. 

Similar to nucleic acid hybridizations, protein-protein oindrg reactions and Subsequent washing to eliminate non- 
5s specific binding can be earned out unoer varying conditions, depending on tne affinities ot tne piot&ins tor each other 
Foi example a binding react** can taKe pace m a Duffer hav.ng phyeioiog^ai salt concontranons. and washing can 
be carried out using butlers hav.ng increasing salt concentrations. Tne stringency of me washing conditions can also 
be increased oy including detergents, such as TWEEN-20™. and TFUTON-X™. m the wash solution. 
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Tfi e members of a pair of molecules (ft*, a dotccror probe or a capture pr»e arid a Target analyte, or the memoers 
ol a specie binding pair {e.g., antibody-antigen, nucleic acd. ana protein-vitamin binding pairs)) are said w "specifically 
bind' to each otner if they Dind to each other with greater affinity than xo other, non-specric molecules. For example, 
an am.booy raised aganist an antigen to which .1 binas moro efTicisnily than to a non-specific antigen can be described 
s as specially binding to me antigen. Similarly, a nucleic acd probe can ce described as specifically Omdmg :o a n ucie,e 
acid target if it lorms a specific duplex with me target oy case pairing interactions. 

unless otherwise aefined. all technical and scientific terms used nerem nave tno same meaning as commonly 
gnoersicoc by those of oromary shn in me ante when in.B invention belongs Although methods and manna* smn.iar 
o, equivalent ,o Those aesenoed harem can be used .n me practice or testing of me invention, some preferred methods 
70 ^ a maierais arc described below All puMons.pa^ 

arc incorporated by reference in iheir entirety, in case ot a conflict, the preseni specification will control in addition, 
the described materials and methods are illustrate only and are not intended to be limiting. 

Other features and advantages ot the invention will be apparent from the following detailed deaenpbon and the 
claims. 

75 

Brief Description of the Drawings 

Fig. i is a acnemmc representation ol an automated assay system For using a device of the invemion. 

Figs. 2A and 2B are schematic representations of a top view ano a side, cress-sectionai view along !me 2B-2B m 
20 Fig 2A respectively, of an assay system for using anottw asvice or The invention. 

rig' 3 is a schematic represanraiion ot * oincng oiomeni rwv.riy a capture probe t.nkod tnercra. 

Fig 4A is an electronic image snowng me fluorescence signal ot acute lymphocytic ie<*srnia (ALL)-specf.c target- 
detector prooe comploxes captured tn a device ot the invention. 

Fig 4B is an electronic imago snowing the fluorescence signal o) acute lymphocytic leuKerma (ALL) -specific and 
a chrome myelogenous leukemia (CML)-spec.f.c target-detecror prooe complexes on a device of The invention. 

Fig. 5 ,s a series of computer-generated images snowing specificity o1 CfoL target capture on a device ot the 
invention. 

Detailed Description 

The invention provides devices and methods tor deleting multiple largei anaiytes (fl.p. up to 100 or more different 
anaiytes) in samples A central feature ot tne msthods of The invention .sine specif* bmdmgof prooes to target anaiyras 
Tnis can be carr.ed out by uSihg o.g. a sandwen hyoraizanon assay (see. e.g.. FianKi e( a/.. Gene 21 77-85. 19B3. 
u S Patent No 4 436 539 (l 984)). Sandwich nyondizanon assays involve tne use ol a capture probe and a detector 

35 p.oDo which are designed to end concurrently to a target analyts to form a capture prooe-anaryio-detecior probe 
complex, m me context of The present .nvehTion. the doctor prooe coman* a detectable label, and tne capture poos 
e,tner n) contains The first member of a specific binding pair, or (2) t* immobilized on a spectffc brndrng element of a 
device of the invenl.cn iseecoiow). I neither of tnese cases, the useofacapture probe facilitates purification of anaiyie- 
oroce complexes from sample components, as well as from unbound detector probes 

40 m aad.tion to sandwsh hybndizaion assays, in wn.ch tne detectable label is provided as pan ol a sector probe, 
assays ,n which the target itself is labeled can De used, in such assays, detector probes are not required. For example^ 
before or after contact with a device of tne invention, targets can be amplified by PCR in the presence of labeled 
nucleotides; e g. tiuorescently or .sotopically labeled nucleotides. Similarly, targets can Be labeled ,n primer extension 
reactions containing laboiofl nucleotides. Targets can also be labeled metaociicaily by, s.g.. contacting cells producing 

<s the target w,th a labeled component (a g.. a nucleotide or amino acid) of the target. Labeled targets are immoomzed 
on specie Binding elements ot a device of the invention oy binding to a specific capture prooe, asdesenbed above 
Detector probes are also not required wnen owecnon of intercalating dyes [e.g., emioium bromide or propidium iod.de) 
is used to measure duplex formation between nucleic acid capture probes and anaiytes. 

One example ot a osv.ee included in the invention consists of a vessel or channel (e.g., a tube, sue* as a capillary 

so utf», contains a linear array of binding elements, each containing, as a ufflng factor on me binding element, an 
.mmobilizrt, distinct capture probe specific for a corresponding analyte This device can be used ,n several motnoos 
.n wnicn capture probe-anaiyte-detsctor probe complexes are lormed on me binding elements. Preferably, tne analyte 
and detector probe are contacted with each otner totorm an analyte-detecror probe complex pnonomeir contact with 
the capture probe The b.noing elements of the device can then De eomaewd with a sample containing the analyte- 

ss elector probe complex by. o.g. , mechanical or electrophone transport of tne sample through the device. A capture 
probe -analyie-deiector probe complex is formed as the analyte-detector prooe complex contacts us corresponding 
binding element in the device. 

in a variation of tn is method, a sample contain^ an 13 a PP |ie!) ,<? ^ devce ot tne .nvention so mat a capTure 
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probc-anaiyte complex is formed on a binding element of the devce. before the aralyie is contacted w.in a detector 
probe A detector probe thai specifically binds tome anaiyie ana contains a detectable label is then contacted with the 
capture probe-anaiyte complex formed on ine binding element, in another variation ol in* method, mo sample con- 
taining the anaiyte and me detector probe are individually contacted mm in© device at the samo time 

It desired samples ana probes can be passed through the device multiple umes. to increase the liKeiitlood o1 
specific binding between a capture prooe and its corresponding anaiyie or analyte^eiector probe complex. II sucn a 
method is used me order of contact between the capture prooe, anaiyie, and detector probe is less pertinent Multiple 
passages at samples and probes mrougr. the device can be facilitated by. for example, me use ct tubing that is con- 
nected to both ends of the oevice. The sample ana probes can be pumped repeatedly tnrougn we oevce and tubing 
w s,ng a penstanic pump, in me ease where the sample and probe are passed through me device only once, n .5 
preferable to form detector probe-analyle complexes before these components are contacted with me aevice 

Unbound doxector probes and non-spocificaiiy bound sample eomponanta can ee removed worn me device by me 
y6e of so an actrve fluid transporter, such as a mecnameal pump [eg., a p^zoeiecirtc pumping devce). mat m 
contoured » be in fluid communication *.lh m* assay device, electrophoresis, application of a vacuum, or a comBi- 
nation ot these methods depending on me compositions of the oev,ee and me bound complexes. Detection of labels 
on ina oinoing elements of ma oevico corresponding to me specific capture probes can m used as a measure ol me 
presence ot the corresponding anaiytes m me sample. 

A second exempt of a device .nciuflM m tho mvanwm consists ef a channel {e.g., a tube) contains a linear 
array of b,no,ng elements eacti binding element having linked oy a ccvaiem or non-covaienl MK&ga) thereto, 
as a Miding tactor an immobilizes member of a particular specie binding pair This dev.ee can oe used in a method 
m vvmch tne binding elements or me oev,ce are contacted *,\n a »mpio. capture proses (each of ™h,ch commn* m* 
other member of a particular specific ending pa.r). and labeled detector probes my. a.g.. mechanical or etecirophwet* 
transport ol me sample and me prones mrougrt me device. If desirea, to increase the liKeiihooo o) specie complex 
formation the sampiB and me probes can be passed trwough the device multiple iimess. unbound daiector probes and 
non-specilicaliy bound sample components can then be washed from me device by, e.g.. the use of a fluid transporter, 
such as a mecnanical pump [e.g.. a piezoeiectnc pumping device), electrophoresis, application of a vacuum, or by a 
combination 01 these methods, depending on ins compositions of me device and me bound compters. Detection of 
abeis on me binding elements of me device correspond^ to me particular specific booing pairs can be used as a 
measure of me presence of the anaiytes in tne sample. ThB sample, me detector proDes. tne capture probes, ana me 
device cart be contacted w.m one another m any order in this memoo of the invention. Preleiaoiy, tne capture probe- 
anaiyte-detector probe complex is formed prior to introducing mo sample imo me device. 

An advantage ot mis particular «vm, containing a linear array of oina,ng elements, each of which contains a 
distinct set ot members of particular specific binding pairs, <s mat a single device can be usea to detect virtually an 
.Ofmna number of anaiytes The only elements m Ihie system mat need to bechangedto accomplish this are the anaiyie- 
bmdinq regions of mo capture and detector probes In cases *ners me levels of intercalating dye on me ending ele- 
ments are measured (see aoove}, me only component ol mis system mat needs to be changed tor each anaiyie .s me 
anaiyte-specif'ic binding region Ot the capture probe. 



Tne devices ol me invention consist ot a channel, sucn as a tube, containing a linear array of binding elements, 
eacn having hhkea mereio either o ) an analytcspecrfic capture prooe, or (2) a member of a particular specif ,e binding 
pair As oescribod eeiow tne aevicas ot mo invention can ernooay a number of formats. 

For example Fig. l snows an automated assay system 1 0 including a device n ot me mvennon Device 1 1 includes 

*s a linear array t2 ot binding elements 14 layered sn a one-dimensional stacn in me lumen of atube. such as a capillary 
tube tS The binding elements m mis format can consist ot any standard columrvpacKing material For example, glass 
microbeads fritted glass sintered glass, silicon, agarose beads, glass wool, or a get. sunn as a polyacrylamide gel, 
can oe used Thus, binding elements can be made up oi multiple, 0,601610 subuniis. such as beads, mat are each 
hnKeo to tne same binding factor, it is the group of sucn simitar subunas, eacn being linuea to tne same oinoing factor. 

so rjvst is tne 'binding element ' ramer man me individual subunfts memselvas Devices containing such fending elements 
can be maae usm9 standard memods For example, a plug can be placed m one end ol a tune and the material of 
wmch a binding elemeni is to oe made can be placed m me otner end ot me tube. The binding element can men oe 
positioned by applying suction to the end ot me lube containing me plug Add,i,onal b.ndmg elements can be added 
to the device by repeating this process, using me des.red binding element material. Tne Drang elements can be 

ss stacked directly On top of one another, or inert layers, lacking capture probes {or members ot particular specific binding 
pairs) can be placed between mem The binding elements m such a staeK should be configured and arrange so mat 
thoy each sealmgly contact me interior surlace ol me moo. Lo , so that they each contact me interior surface ot me 
tube aiong their enure circumference. For example, rf me tube has a Circular cross-secnon. tne binding elements would 
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each also nave a circular cross-section and a diameter slightly smaller than we internal diameter of the lube so mat 
they can t>6 press-M into in* tube. This conjuration forces me fluia containing the analyie to flow through, rather than 
around each of the binding elements m trie stack. 

The binding elements ran aw consist of stacks ol Titters or membranes, e.g., nylon or nitrocellulose memories, 
,o «n,w mo capture probes (or members of particular specific b.namg pa,rs) are immobilized. For example, a dovice 
can be maae 0/ cavalemly binding DNA probes to a nylon filter, then stacking multiple fi Iters, containing multiple distinct 
c-robes by placing a porous, inert, ooubie-s'ided adhesive sneet between each finer. 

Tnc binding elements ot the devices of the invenr,ohcan be. e.g.. 0 05 to i mm tnicKana have aameiers ol similar 
size Bmding elements having s*cn amenstons can consist ol, e.g.. layers of polystyrene or giass Deads, or. m the 
case of channels etched into a planar surface, such as a glass surface (see below), the binding elements can consist 
ot a linear array ol ina.viduai beads Alternatively; the inside wail ol etcneo channels of about 0 05 mm dameter, or 
the inside walls ol capillary tubes having a similar diameter, can be activated by a laser xo generate omdmg elQnnsnis 
that are 002 mm 10 1 mm thick {see below). 

Tne binding dements are preferably designed to have striate to volume ranos that favor having an target anaiyres 
(or capture probe containing a memberof a particular specific binding pair) pass through the device m close proximity 
to its corresponding capturo proOe (or me corresponding memPer of the particular specific binding pair) Selection of 
binding elements mat have favorable surface area to volume ratios is readily wnnm the grasp of one sailed ,n the art. 
For (sample one may seiect a material thai me sample and probes w.H flow around, such as glass or agarose oeaas. 
or preferably a material that the sample ana proocs will flow through, sacn as porous beads or fillers. I n either ease, 
as is understood m the an, m addition to surface area to volume ratios, factors such as the paternal tie* rate through 
a material can be considered in selecting a material tor use as a oinaing eiamem 

The DindihQ elements in a siack can be distinguished from one another by the capture probes (Or the members of 
particular specif ic binding pa,rs) they contain, me materials of which they are made, ano/or xne presence ol men spacers 
(re., without capture probes) between tfiBm Appropriate positive and negative comrols can also be included m me 
stacks of binding elements of the device. 

In addition to bemg linked to me filters, membranes, or other matrices described aoove. the capture probes (or 
tne members of particular specific binding pairs) can be linked 10 distinct binding element regions on the lumenai wall 
of a channel e g., a tuoo such as a capillary tubs. Artaenmeni of probes, such as nucleic acid and polypeptide prooes, 
lo sjen a surface can be earned out i^ng any of a number of standard memoes, including direct adsorption or cnermcai 
coupling to reactive groups on me surface. For example, a unKfii can be used, e.g.. a flexible camon era*, suen as a 
3-glyCKtoxypropyitr.msxhoxysilane linker (ego. e.g., Maskos or a/.. Nud. Acids Res. 20f7)-1S79-16S4. 1952) Photon 
thography can aiso be used w mane ih,s type of device In this method, me lumenai surface of a tube is coated w.m 
a photosensitive linker and a laser beam is directed at & regan m the tube where the binding ol a specific capture 
probe is desired Tho probe is then passed through the iuOb where it binds to the laser-aerated region After washing 
away excoss proDe, another region of the tube is laser-activated and contacted with a different probe, andthis process 
can ee repeated unlit me desired number of binding elements a ( e obtained (see, e.g., U.S. Patent NO. 5,149.854, WO 
92/10092 ana WO 90715070). Similar methods can be used to make devices m which the binding elements consist 
of capture probes linKSdto regions of the lumenai wan of a channel etched mto a planar surface, sucn as a glass plate. 

The new devices can ae included m an automated assay system. For example, an automated assay system to 
mending an assay device n is schematically illustrated in Fig. 1. A linear anay i2 of binding elements 14, e&en 
separaiedby mert spacers tfl in unis device n is contained wim.nacapiiiary-tubei8. A sample suspected ot containing 
a target analyre .s introduced into a mixing enamber 20 and then is moved from the mixing chamber 20 into the device 
n by an automated system 10. including a synngo pump 22, two valves 24 ano 26. and fluid lines 11a, lib, 22a, 28a, 
28b 30a 32a, and 34a. The system alBo includes reservoirs containing n/orioization buller 30, wasn Duttcr 32. and 
ona or more detector probes 34 Maenanicai operation of the system. fl.o.. tne opening and closing or tne valves 24 
and 26, can ee controlled By a computer (not snOwn). Tne Steps for detecting a nucleic acid anaiyie in a sample using 
tnit assay system 10 are desenbeo briefly as follows 

Hybridization butter i$ drawn from the hybridization butler reservoir 30 through fluid ime 30a, vaive 24, fluid line 
22a and mto me Syringe pump 22. and men is pumped through fluid ime 22a, valve 24. fluid line 28&, and varvc 26 
mto the mixing chamber 20 which contains a sample suspected of containing a target anaiyte. Deiactoi probe is men 
Minarawn f.om the detector probe reservoii 34 and ,s pumped through fluid line 34a, varve 24. fluid line 28a. and valve 
26 m» the mixmg enamber 20, where it <s m*ea w.m the sample by rapid pulsation by the syrmge pump 22. The 
sampic-probe mixture is than heated ,n the mixing chamber 20 by a neater 36 via conduit 36a to a temperature thai 
facilitates nybriOiiation ot target analytes to oetecWr proofs. The mixture is men drawn back into tna syringe pump 22 
via valve 26 tlmd Ime 28a. vaive 24, and fluid ime 22a and is then pushed via fluid line 22a, valve 24, and fluid ime 
nairuough the device 11 , which has been proheated by the heater 36 vi9 conduit 36b, and man back into the mixing 
chamber 20 via fluid line 23b During this step, the mixture passes through the linear array of binding elements 13 m 
ma aavce 11. 
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Any target-detector prooe complex that contacts a prone on a binding eiomom 1 4 m the imaar array 1 2 of binding 
elements 14 ihai has a sequence complementary to a larget anaiyte sequence is immoDii&ea on the binding element 
14 This protean bo repeated several Times. u nt.iasuIliCientpercemageoftn&taraKanaiyie3navebec.n captured 
on a ending element 14 in me linear array 12 ol oindmg elements t4 

The rmxtore is men pumped vA fluid line 2Bo. valve 26. fluia line 28a. vaive 24, ana fluid line no to a waste 
coiiect,on chamber 38 ana wash buffer is drawn from the wash buffer reservoir 32 via fluid une 32a. valve 24, and fluid 
i,ne 22a mis me syringe pump 22 and is then pushed v.a fluid line 22a. valve 24. and flu.d line iia mrougn tne dev.ce 
1 1 10 remove ail unbound material, such a9 unbound aaicctor probes, from ins device n Wash buffer is pumped via 
flu* hne 28b valve 2S tiud line 28a, valve 24, and fluid hne no tome waste collection chamber 38 after eacn cycle 
and several wash cycles can be earned out to reduce non-speCde binding The assay device 11 can then be ,!ium.nated 
ana scanned by an imaging system (see below). 

An example of an assay system including a device in which the binding elements consist of capture probes linked 
to regons of tne lumenal wall ol a cnannel etched into a planar surface a schematically illustrated in Fig. 2A flop v«>w) 
and Fig 2B is,de cross-sectional view) In this system, the linear array 40 of ending elements 42, eacn separated by 
men spacers 44 is eiched into me surface ol a giass slide 46 that « covered by a glass coversllp 4fi. Mixtures contamtng 
elector probes and samples suspected ot containing target analyses are introduced into me assay systernby, nation 
through me sample inaction port SO. A pump 52 is used to push me mixture tnrough me linear array 40 of binding 
elements 42 Detection ot largei-oeiecior probe complexes bound to the binding elements 42 ,n the linear £,rf*y 40 
can be earned out using a laser 54 and a charge^oupiea device (CCD) 56, wh e n « placed on top of ma g ass eovorsbp 
Afl isee below). 

Target Analvies 

Target analyies that can be aetacied using the methods of me invention include a wide variety of molecules, s.g.. 
nucleic acids proteins, carbohydrates, lipids, metabolites, vitamins, and drugs Detection of such molecules can be 
useful in fields such as medicine, forenscs, agriculture, industry, food sciences, and veterinary medians. For example, 
in the field of medicine, the mamods of tne invention ear, be used in tne diagnos.s of conditions (ao.. cancer) charac- 
tered by the presence o. absence of specie markers (e.g., protein or nucleic acd makers) ano/or altered levels ol 
normally occumng proteins (ag„ normones, cytokines, lymphoids. antibodies, at enzymes) or nude* acids Tne 
methods of mc invention can aiso be used to detect gene nw,ons. whien can be characters oy. o g., single base 
«ir cnanges small « large dolenons. ,nsen,ons. or rearrangements (ao.. chromosomal transtacaLons). and genetic 
polymorphisms in aaduion. me memoes of the invention can oe used to delect tne presence of an infects pathogen 
(9 9 . a oactarium, a virus, a protozoan, s parasne. or a fungus) or a ra/o cell <©.$., a fetal can jo maternal blood) ,n a 
sample, e.a, a sample trom a patient. 

in addition to bmamg distinct analytes, different bind.ng elements m a linear array of a device of me invention can 
be designed to bind to different regions of a smgie anatyte moiseuie. A device containing such a linear array can oe 
uS ecr og toaeiecisequencevariationsinanucieicacto. For example, sequence variations between different groups 
of organisms can ba doiecteo using mis type of device, in this device, the collection of binding elements is selected 
so mat one or more patterns ot binding correspond collectively to a sequence variation found m a particular group ol 
oraan,sms andoiherpanems correspond to dinar groups of organisms For example, probes targeting various porwns 
ol rRNA molecules can be used m sets (e g . 6 or 7 sets) w fully include me greater than 2.000 Known Sa/momfte 
strains As another example. Sngfifls flayer/ and Zscnancnia coli rRNAs are so closely related that use of a single 
probe *Ouio not likely distinguish all Sftigeflafrom ail E coii. but a panel or 7 or 8 probes collectively couto bo used to 
distinguish thBse organisms . 

Samples mat can be tested using the methods of the invention nelude. s.g , Dioiofiical fluids, sucn as blood, serum, 
piasma urine and saliva, as wen as plant extracts, cell or tissue extracts, can culture med,a, environmental samples, 
and fermentation mixtures if necessary, protein and/or nucieic acid preparations can be extracted from me samples 
u8 ,ng standard methods, before ma present method ,s applied. Due id the sensmvuy of me methods of tne invention, 
only small amount: of samples aro required, 

> 

Probes 

The types of specific probes used m me methods of the invention oepend on me particular typo of target anaiyte 
to be detected and are well Known .n mo art. For example, a me case of a nuclei acid Target (e.g., a DMA or an RNA 
s target) nucieic acid probes can oc used The nucie* acd probes can contain aeoxynbonucleolides. noonucleotides. 
or combinations or modifications thereof Tne optimal sequences, (engms. and levels of complementarity win me target 
anatyte to acrwsve specific binding, are parameters mat are readily determined oy thoso skilled in the art, For example, 
tne probes can contain at «an 8. preferably l6-i00. or most preferably 1 9-40. consecutive nucleotides that are com- 
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elementary loihe target nue[a,c acid analyte. The design ot such probes can Do taciluated by reference to standard 
protocol manuals and publicly avalabta colter programs * d . Ausubei « a/., eds. Cunsm P/orocob m Ate- 
teubrB&ogx Wiloy & Sons, New Yorn 1989) SynOiss.fi of nueicc and probes can be earned out using sianaard 
cnemral or recombinant methods Alternatively, nucleic ac,d prof** can oe purchased from commercial vendors, in 
addfton to nucieic acd probes. nuCie* acid target analytes can 00 detected using other pree.es. sucn as porypeptce 
proses s 9 polypeptide probes that contain nucleotide sequence-specific nudsic acid binding domains. 

in me case o1 pratoin *»g«» (eg , anl.doaies, hormones, enzymes, pathogen proteins, cytoKmes. and iym- 
ohokines] anux>d«s sucn as monoclonal antibodies that specifically MM to an analyte, can b* used m me memo* 
of m e invention. Techniques for producing antibodies are well known ,n the an (t*£ « g., Hartow ©rai. Antit>odie$,A 
UKxaiory Manual, Cold Spring Harbor Laboratory Press. Cold Spnng Harbo, New York, "5988). Parfcuiarly uujful 
antiDooy molecules include Fab fragments ot .immunoglobulins, as well as reeombmantiy made smgie cnam amiDod.es 
Seeafl ™ or a/, u S. Patent Numbers 5.091.519 <139£) and S.132.405 (1992); ana Ladner maL, u S. Patent 
Nu^^rs 4.704.692 (1987) ana 4,$W6.77B (1990)) In addition 10 antibodies. nonxantifcOdy proteins, nudec acids, and 
otn&r molecules that spBCficaiiyDinaio target protein analyies can be usaa 

Tne detector probes can oe laoelea with. e.g.. fluorescent labels (e g . fluoresces, medam.ne. or Texas Red), 
enzyme labels (e g., alkaline pnospnataee. glucose oxidase, horseradish peroxidase, urease, iucferase. or gaiactos- 
,da=e) chromophores phosphorescent agents, luminescent agents, radioactive labels, colored labels, or comt>mai.ons 
thereof An advantage of the present uvention .s mat. due to the physical separation of the ditlaram specific detector 
probes on the device a single aoel can be u3ed on multiple, distinct detector proDes m tne same assay 

Although the use of a detector proDe increases The specificity o1 lha assay, ae is mentioned abova, detector probes 
are not required for all of the methods included in the invention. For example, detector probes are not required n cases 
wnere the target riserf is labeled {e g., by PCH. primer extension. Or metabolic labeling), either before or after contact 
w.th a capture probe Deiecior probes are also not required when capture prode^analyle binding is monitored Dy de- 
tect™ 0* the levels ot an intercalating dye. such as ethidium brom.de or prop,d,um iod,fle, captured on a binding 
element by duplex formanon between a nude* a&d capture probe and anaiyte. Similarly, detector probes that do not 
conism laMs can be used when detector probo-analyte binding is monitorea by detection of the levels of an interca- 
lating dye captured on a Binding element by duplex formation between a nuclei acd detector pr ooe and an analyte 
As mentioned aoove capture probes usaa ,n mo method of the invention can. e.g.. (1) contain a member of a 
cpecfte binding pair or (2) &e immobilized on a specific binding element of a device of the mvwflion B,namg pairs can 
be used to direct specific target analytes to their correct, predetermined Dintung elements, rather man d, reel aitscnrneni 
q , capture probes to binding elements. For example, a capture probe tor a specify target analyte can conta.n one 
memuer of a specific bind.no pair, and the olrw memoer ol the binding pair can be attaenea to a particular binding 
element in ine linear array. Upon contacting the sample wan m e linear array, ute target anaiyiea are epecfically wata*©0 
to pamcuiar binding elements by me mutual recognition of the two members of me bindmg pa.r for each other Binding 
pairs mat can be used with capture probes include, e.g.. viiamin-vitamm binding proteins {e.g„ a*rin-Mmn and stropta- 
vidin-biotm) as well as amfcody-najxen tag., dtgoxigenm-anti-digoxigenin. FlTC (rnwrescem-isothKicyanatcj.anti- 
FiTC and any other napten-anti-napten antibody, many 01 which are commerceily available), enzyme-subsirate. en- 
zyme-enzyme Dinding protem [e g.. p-gaiactoSidase and APTG (para-ammo-phenyl-p-D-miosalaaopyranoside). re- 
cepior-ngaria (or antagonist) (e.g.. a normono bmd.ng 10 a hormone receptor. 6.9.. w L^l ra omos to human mierieukm 
receptor-hue mierleuKm-l ) nucleic aad-nucleic acid Dinamg protein, nucieic acio-nuciaic acid binding pairs, and other 
specific binding pairs known ,n the art. The other member of me apscihc bina-ng pair, or mc capture prone itself, can 
oe .mmooilized on a bmdmg element ot the device using standard methods. For example, probes can De attached 10 
a surface (99 a smooW o r porous surface made or, eo . gjass. plastic (ag.. potypropylene), silicon. go«. or platinum) 
by the use ot a linker, e.g.. an epoxysiisne i,nker. such as a S-gtyciaoxypropyllri-meihoxysrtane imicer [sea, e.g.. Maskos 
©r ai. supra- Bealtie er Si, sup*). Photohthography may also dq used (see aoo^e). 

An example of a specific binding pai r tnai can eo used in the invention ,s a pair of complementary oligonucleotides. 
Optimal lengths, sequences, and levels ot complementarity of oligonucleotide tor use as specific binding pa.rs can 
oe readily determined by one SKisied .n the an, and can vary depending on factors including sequence composition, 
sample complexity and assay conditions (e.g.. ionic strengtn, rypes ot salts used, the presence of organ.c solvents, 
ano/or hybridization temperature). For example, a nucleic acid containing alternating repeats, euch as (AGTCjn (wnere 
n = tne number of repeats) can be used as a member at a spce,f.c binding pair, and its complement, eonta,n.ng alter- 
nating repeats ot (GACT)n can be used as the other member ot the binding pair. In adoption to hucieic acias containing 
repeated sequences, pairs dt nucietc ac^s containing complementary random sequences can be used as binding pa'rs 
* me invention. For example, pairs of nucie.0 ae,as. each containing, for example, at least 16 nucleotides {e.g.. m 
■ least 20 nucleotides) can be used. Sucn random sequences, wnicn statistically would oe unique .n the human genome, 
provide greater speciTicny. 11 is possible mat shorter sequences may find complementary non-tajget sequences .n 
anaryte matures ot n.gn complexity Pans ot homopotymenc oiigonucieotiocs ( o.g., pory-A/poty-T and poly-G/poiy-C) 
can also be used as binding pairs m the invention. 
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gri7 V maTk: AqmlitiCaM m nf Oaiactor ProftSS 

i a addibcm » aciccior probes n&vine. detectable laMis anacnca to mem. sucn as the prooos descnbed aoove, ma 
metres ot me invention «w employ eetector probes thai contam ail or a portion of a nudes aca mat can be enzy- 

aoo, **n as midi-vanant-i (MDV-i ) RNA, mat is autocataiyricai* replicant .n mo presence ot an enzyme, sucn as 

0P 'SStiSSy repTcaole nucleic acids, ana corresponding enzymes mat ropkerc them, are **n Known in me 
3 n and can oe nrafly adapted for use in me methods of tne invention. For example MDV-i RNA. nano-vanam RNA. 
«r R Nrana mSLnM RNA, rtwh a,| are repicaolO by * repine, can be used (see, e.g., Kramer * 
a; u ?Kieni No 4766.600- Burg «*, Molecular and Ceiluer Probes iMMi. 1996; Muftffkfl J. Mo- 
f^fsS ^.-463^72. 1991 Mills eta/.. Proe NaU Acad Sci. uSA72(n>:4252-4256. 1975: SMKurM, 
J moi Biol 117-877-307 i977; Zamora eta/., Biochemistry 34.1 26 VI 266, n995j 

in aad,t,on to nucleic acta repiicabie by G-beta rephcase, other nucie,c km, sucn as nueicc acds oer.ved trom 
« Bacteriophage RNA genomes, mat are repHcaoie By other RNA-oependent RNA polymerase, c,n a* J« jjj 
.ration Fo, sample. nuc.e,= acios darived from SP phage (FuKamisr a/ Motec e-n Gene ^ 
MS2 R 1 7,andF2(tno K u C h lD[a /.V l roiogy 96:323.325.1979. InoK.fh.ara/^ MoLBio ^l^f^l^ 
acds der.vad trom orome mosa,c virus RNA can also be used (Ouadt er at. Proc. Natl. Acad Sc. USA 90: 1498-1 502. 

so 1 " a detector prose mat contains me ent.re sequence ai an autocataiyt>caiiy repiicabie nuclei acid, such as MDV-i . 
w,m an anaiyte-specifc pro&e segment placed at e,tlw eno ot me repncaoie sequence or emDeooea wnnin it. ran Da 
used m me methods of me ,nvsnnon Removal ot norvspecricaiiy oouno probes from binding elements * particularly 
.mportanl «. methods employing th* type ot probe, as a norvspectcaliy oound prooB can oe ampLheo to generate a 
,1 as leadily as a specify bound probe Thus, the u S e ot ma type of probe can lead to me generation ot baa- 

55 around s,onals or. afternahvely, require actional measures (assay steps) to reduce Background to acceptable levels 
Binary probe pairs coasting of two nucis,c aca molecules, which wgnrw encompass the entire sequence of 
an enzymat^ally ratable rwcieie acid, can be used w avoa tne potential background problems wooum w.m me 

91 al. u S Patent No 5 407 798). Tne use of binary prooe pairs is schematically illustrated m Fig. 3. in ins example. 

ss a detector prooe 68 rtriHitt a 3' portion d an auiocataiyt.cally rephcable nuclei acd 70 « its 3' end ana an analyte- 
specific probe 72 at its 5' eno. Tne capture probe 60, which, in ihe example, is linked to me binding element 58 (me 
capture probe can also contain a member of a specific bmotng pair, see above), contains ma 5' port,on of tne auwen- 
SiyUny rephcable nudec acid 62. with an analyW-specilic probe 64 at its 3' eno. The probes can m ae*gn« so 
mat when bound to an analyte 66. me 3' end of me 5' probe 6B ,s adjacem to me 5" end Ot me 3 probe 60 The bound 

35 5 orcce 68 ana 3' prooe 60 can oe ligaled (i, e, eovalontl/ joined) icgelher w generate a tomplate for auiocalaiytrt: 
rephcaton The use ot sucn binary prooes aeorcasos me possibmty Of signal generation m the absence of specie 
Binding between me capture prooe. me analyte, and me detector probe, as covalem joining of me capture and detector 
prooes is requii ed to generate tne autocatalyucaiiy rephcaoie template 

Tho aetector and capture prooes used n Sucn oinarv Pfobe paira can oom oe maoe ot DNA. bom be made ol 

*> RNA or one ot mo probes can be maoe <* DNA ana me omer prooe made ot RNA Additionally, either or both prooes 
can oe of mixed PNA/RNA composition. The probes can bo made. e.g.. using standard molocuiar methods or oy 
stanoard phosphorarmd.te cnem.stry. The use of 5' and 3' portion probes mat are Dotn maoe of RNA can result in me 
oonorat^n of bacKgrouna s,gnals. as such probes can promoto Rna recomD,nai>on reactions .n mo prosonce of Op 
rephcase resulting m me production of a replieabic RNA template, n tne aosencc ot analyie^epenaeni ngat,on. Tne 

« uS& ot a 5' ponion prcoe maoe ot DNA sno a 3' portion prooe made ot RNA in such a binary probe System piomtes a 
major advantage as it supposes such RNA recomb,nation reactions As a consequence, mucn higher levels of un- 
ited freo prooes can bo present during me QB amplifies™ reaction, substantially oecrcasmg the assay require- 
ments 'for removal ot unhyondized probes m aod,tion. me use of a DNA 5' tragmeni with an RNA * fragment allows 
me cnimenc itgawn product to replicate wrtn s,milar efficiency as an all-RN A template, which is replicaied signihcanliy 

£f more efficiently Than an all-DNA template A general example of such a ehimenc, binary probe is described ae loiowc. 
A & prooe can consist d a DNA version ol a porbon ot MDV-t (or another autocataiyl.cali/ repllcaole tomplate). 
,o,nod wnh a probe element compiemcniary to a pomon of an anaiyte nucloic acd at its 3' end. A 3' prooe can cons,st 
of an RNA conwimofl a probe sequence mat .s complementary to ihe analyte reg.on contiguous with that bound by 
me 5' probe at us 5' eno and tne remainder 01 me repucabie RNA sequencs ai its 3' end The probe sequence elements 

ss 0 f eacn 0 f me probes can oc separated from the replicaoie sequonces by one or more spacer elements to improve 
me replicability of me joined DNAiRNAchimcnc product 

The two probes are nybridized to a target nutiaic acid and are ligated using. *j>, T4 DNA hgase. or any ot a 
numosr of chemcal reagents, e.g.. cyanogen bromide, cyanamioazoie. vmemyi cyanoimK^zoie. caiflonyl ai.rn.da- 
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zole or a waier-soiuble carbodnrrtae The ligation product it contacted *itn an enzyme, such as Q5 reptcase. and 
nucieos.de triphosphate*. » P-omote replication ana generation o! aeteci&Die amount of a repwaton product Tne 
rwhcanon prouuei is detected by. aj.. s»inmg with a dye mat .ntcrcaiates into tne replication product (e.g., &ham 
orLoe or propio.um ,oa,oe). or by bybrio*&i.on w,ih a proDe that specially twios to me repi.cai.on product 

5 

Capillary Electrophoresis 

As mentioned above, omd.ng ol anatytee ana probes to the binding elements of The dev.ce can be facilitated by. 
s.q clectropnoretiC and/or mechanical pumping of tne sample anoitoprcMsihlouQhihedw.ee. 
to in the case OT electrophoretic transfer, tne linear array 01 bindmg elements o1 tne device can be eontamed wth.n 
an elongated channel, such as a ciliary tube, which is made of glass, piastt. or other maional. and has an internal 
diameter of lor example, less than abort 1-2 millimeters, e.g.. lew man 500 microns. For example, a capillary tube 
having an internal dieter ot 100 microns ana a length of 50 rruinmeters can be used H.cher surface area to volume 
ratios can oe achieved Dy using inmcr capillaries, thereby laalnaana more raprd tywrfmn kmcics The use oia 
is eapniary tube navmg a hign surtace area to volume raw. and thus a high capacity for dissipating heat, anows high 
voltages to oe usm. thus facilitating acceleration of me assays in add,iion, me high surface a,ea to volume raw of 
capillary tubes faciWaias target analyte nyor<wai«on to the probes, as amy *rget molecule mat passes tnrougn me 
capillary is in close proximity to tne probes. 

Anomerconsequence of me mgn surface area to volume rate ol capillary tubes wnn respect to fne presentation 
a) ,6 mat onry very small quantities of reagenis and anaiytes aro required. the latter oeing in a small or large sample 
volume For example, s,nee only a fa* nunared fluoropnores are neeoea Tor oetection oy a CCD oevice (slsl e.g.. 
Macxay e[ a/ US Paten! No. 4,974,492 (1SB9)). after fluorescence induction by a laser, a single miihlitor of Dlood, 
whim eeniams approximately KMO* white blood cells, wril provide a sufficient amount ol target for detection using 
me methods of the ,nvem,on. in the case whare oactenai rRNM are ma target anarytes. a single bacterium m a one 
2$ milliliter sample should bo detectable usmg me methods of tne invention 

Meinoas for carrying out capin&ry electrophoresis are *eu Known m me art ana are described, by Novotny et 
&l (Electrophoresis n 736-749, 1990). Any of several standard capillary electrophoresis systems can beusedtocarry 
out me method ol the invention. For example, tne Beckman P/ACE System 2050 (BecKman Instrumenls, Columbia. 
MD) can ca used in addiLon, systems that facilitate simultaneous processing o1 several capillarv tubes can bo used 
3d (see 03 Young era/., u S Patent No 5.324,401 (1994)). 

in additon to capillary electrophoresis, other eiectrophoretic methods can &e usee; nfle memod of the invention. 
For example electrophoreeis can be earned out in a channel mat has been etched inio a plate, such as a glass or a 
paste plate 'and contains a linear array of b.ndmg elements. In this method, each end of ine cnannei is in contact wren 
a wen into one ol whicn the sample (and probes) IS applied Ths type of system allows analysis of larger sample 
H volumes. 

Detection of Labels Bc u no to Binding Elements 

Emission aoeoroance or other detectable s.gnai 01 me labels bound to the specific oincwig elements o1 me deuces 

ao of the mvenlion can oe detected using any ot several standard methOOS, depending on the nature of the laoei For 
example enromopfiore labels can oe detected Dy measuring tne aosorbancc of light at a specific waveiengtft with a 
spectrophotometer wniie i.ght generated Dy a cnemiiufflineaccm label can oe oetecteo using a lummometer or a CCD 
device A CCD device can also be used to detect electromagnetic radiation ot n.gner frequency (o g.. radiation from a 
raoioi'otopic label) or fluorescence generated trom a f luorophore that has been exc.ted at an appropriate wavelength 

* ftdh a standard mercury light source or a laser beam To detect multiple target zones, the capillary can be scanned 
with a fiber optic dev.ee, or a CCD array can be placed adjacent to me capillary, but perpenoituiar to tno excrauon 
beam TriQ excitaton oeam can be part of !he scanning device, for example, an inner fiber can carry the laser l.ght. 
while surrouh&ng fibers carry the fluorescent light back to the .magmg System In a efferent mode, the laser neam 
can as oirected through one end ot tne capillary tube, erther tnrougn We lumen, whereby the inside ot me capillary 

» acts as a light tunnel or thiough the wall, which men acts as a wave guide, in the tatter case, only fluorophore labels 
very close to tne ms.de wall would get evened oifougn a well Known process called surface plasmon resonance As 
mil tie apparent to those skilled in me an. appropriate filters, to remove scattered or reflected light, can oe usee wim 
a detector oevce sucn a CCD dev.ee or a pnotomulnpher tuDe. 

The detector can be positioned to specifically monitor the precee location m the device corresponoing to a specific 

55 Binding clement and, if necessary, mo linear array of binding pairs can be moved so that different specific binding 
elements are re&a oy tno detector. Alternately, me detector can be moved along the devico. in another example, 
involving the use of a capillary tube, neither the capillary containing the kwar array of binding elements, nor me detector 
is mavea Ftatner, once complexes are formed on me binooig elements, they are transported wilhm the capillary tube 
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so thai they move past a detector. Such transport can pa induced. e.g., by pumping fluid through we capillary to 

ornot me detector can be proorammed io taxe a reaomg omy « a predeterm.ned time after mo sian of flow. ,ucn *s 

«.TuS Appropriate systems integrating s,gnai .naucuon (e.g.. lasers) and won (a*. CCD flovcoa) dev.ces 
a^tlU' tne a. Jag. Fuj,m,ya era/., u S. Patent No 5.069.769 11991): Phoney. U S. Patent No. 

''^o^cSa'U^^^ analysis of target anayi*, 5 standard curve can f»r* no prepared, us.ng s^aard mc^ 
ocs. Fo, example trie amount of >abei detected us,ng me method ol the mvontion can be oeiarmmea (or several 
samples contalgknovvn quantities ot^ 

,o deUm^ the concentrate ot mo anaiytee ,n a sampis having unknown anaiyrec^mrauo^.oy comparing^ 
iavais of me signal? detected k> the standard curves. 

EXAMPLES 

Example i - Detection of Salmonella m a Biological Sample 

Tne ne* metnoos and devces (e.g.. ma device illustrated .n Fig. i) can be used to detect tne presence ol path- 
ogenc organisms in a sample. tor example, for detection of Saimwlia In a food sample Reags m^f s 
adaptable^ carrying out xh.s assay are provided ,n me GENE-TRAK Sa/mo/ra/te Assay Kit (6ENE-TRAK lodusxr^i 
Diagnostics Hopkimon. MA). Bnefiy. a davice o! me invention n maac tnat inches a olnamg fltomani h^.ng a v«y- 
A orobe inked thereto. A sample, a capture pron mat is specific for a Soma** nudoic ac,d and contams a poly-T 
Mil. and a detector prone sin is specie for ins same Salmonella nucieic ac.d are men applied to an opening of this 

aeV 'i) 9 aas<red me probes and sample can 0e transport through me aev.ee multiple nmos, e.g.. by eiectropnoresis 
or bvine use o! atluid transporter, such as a mecnancal pump. Atw non-specifically bo^nd material, such as unbound 
nucior probe. .8 removed, the binding element ol me oevico coniaining we poiy-A preoe ,s monitored for tne prunes 
of detector prooo label, using a matnoa appropriate for me type ot laoel (e q . see above). 

in aaa^n to SMnOWB mo presence ol otner pathogens in the sample can oe s,multaneously monitored using 
me same device piovidod tne aevce conta.ns binding elements ccntain.og, tor eacn soaiionai pathogen, p ) a probe 
specrfic for the o*»r pathogen, or (2) a pmba eontamlng a member ot a b,nd,ng pair, the other memo* ot when n« ; a 
component ol a probe specie for tne other pathogen (note tnat ma poly-A/poly-T b.nd.ng pa.r .sad lor detecting 
Salmonella could not Be used IO detaci other pathogens in the same assay). Consistent w.m the deacrpon above, 
me probes for me other patnogens can be ertner attached directly to a omamg element or can be capture probes ; mat 
,n addition to Dmd.ng to tne paihogen-spectic artalyto. b,nd to a probe that is (l) baand to a b.ndrng element, and (2) 
distinct Horn mo poiy-A probe aescnoed above. 
Pvam pift ii - Detection at Chromoso mal Translocations 

Tno mvenrron can db used to detect cnromosomal translocations. As a specif example, the invention can be «eo 
to detect the soiled -Philadelphia" Chromosome, tne presence ot vvn.cn is frequently the undergo cause ot acute 
tympnotyi* leukemia (ALL) and chronic myelogenous leukema (CML). The Philadelphia chromosome ,s charactenzea 
Dy navmg a balanced iransioosticfl o| me lerminai region of chromosome 9 to the terminal regon of chromosome ^ 
This results m a gene fusion between the abl oncogene on enromoaome 9 ana me bcr gene on chromosome 22. Tms 

: oene fueton (S TranscnDGd into a message containing regions corresponomg to Both genes 

The present .nveniion can be vi«* w detect such translCcaHOhs as follows. A capture probe can be dcs, 9 ned to 
hvondizc to the ocr region ot tne fusion (eitner the gene itself or an RNA (pre<nRNA or mFtNA) transenpt thereof), 
while a detector prooa can be designed to ny ondae to the ebl region. A dev,c* ot the .nvent.on can be made ,n wh.ch 
tne capture prone d l^ked to a specific buffing clement Alternatively, a omd,ng element of the oevtee can contam a 

> memo* ot a tpecfe binomg pa,r (a9 .. avidin) ano me capture probe can contain the other memoer or the apecAc 
bmdmq oa^r (e.g. o,otin) In both cswk, we sample, me capture prooa. ano tne detector probe are contact** «m tne 
b ,nd,nQ element ano upon removal of unbouno components (e.g.. unbound ostector prooe) by, ag., ei a ctmphores,s 
or mechanical pumping tne presence at the sbl detector prooe on the bcr binding element ,s monitored Capture of 
the at/detector prooe by the bcr capture pi&M indicates the presence ot m& Philadelphia tranelocaton ,n The samplfi- 

s Diagnosis of CML and ALL using the methods of the invention can also be earned out using multipta capture probes 
that recognize different sequences m me fcrgene. These probes can be used to distinguish translocates contammg 
different oreakpomts on chromoeome 22. This method is illustrated as follows. 
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■s Y n T h H i^Ohaonucl6oiiclgsaEMQoaiTafoe ra Capture Prooas and Detector Probes 
Modal Tarogts 

s Two moael targets were fleshed to mimic all ana CML cnimeric mRN as Tne All mooei target (40 mer) conta^ 
20 nucleotides of ivrsequencc (nucleotides 1594-1 Si 9) find 20 nucleotides of aw sequence (nucleotides 463-432), 

ALL Model Target ; 
70 jbcr region || *bl region 

5' gccccaatgagaaceucaccTAGCATCTGACTTTGAGCCT 3' (SEQ ID NO:l) 

Tne CML moaei target (40 mer) contains 20 nucleotides of CML-specrfic oor sequence (nucicondee 3349-3363) 
is and 20 nucieondos ot tne same sm sequence as the ALL model target (nucleotides 463-482). 

CML Model Target: 
bcr region 1 abl region 
M 5' acc «gccaCC5gatCtaagTAGCATCTGACTTTGAGCCT.3' (SSQIDNO:2) 

CaptufB Preoas 

25 The ALL capture probe, which is an 16 mer, 5'-cartxwylated. and complementary to ear region at ma ALL target, 
has tne laiiowmg sequence 

ALL Capture probe: 
30 S' HOOC-cgaggcccccaccggagc 3' (SEQ ID NO: 3) 

Tne CML capture probe, wh.ch .5 an 18 mer. 5'<arboxylated. ana complementary lo We OCr region of the CML 
target probe, nas the following sequence. 

Si 

CML Capture Probe: 

S' HOOC-taaacccaguggccgagc 3' (SEQ ID NO: 4) 

40 Two ,mperieciiy complementary (2 ana 4 rrvsmatenes) CMl capture profies were maoe to examine the specificity 
ot nybndizanon. Probe 2M$. wmcn contains 2 mismatches (unaeriineo). nas the following sequence. 

Probe 2MS: 

45 5' HOOC-caaatGcagtgCctgagt 3' (SEQ ID NO: 5) 

Prooe 4MS, tflrhen contains 4 mismatches, has the following sequence. 

S ° PrObe 4MS: 

5' HOOC-caTatgcagcgCctEagc 3' (SEQ ID NO: 6) 

ss Detector Probe 

Trie detector probe (DP. 20 mer), which is labeled with FlTC, * complementary to me aW sequence common to 
Isoth the ALL and CML model largeis. The detector probe has ihe following sequence. 
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Detector Probe (DP) : 

5' PITC-AGGCTCAAAGTCAGATGCTA-FITC 3' (SEQ ID NO: 7) 

Manufacture of a Device lor peiectma and D isnnguishino Philadeten.a Translocations 

A coupling reaction employing l -Etnyi-^-D.meihyl-Arninopropyi) Carbodnmide (EDAC) wa£ used xo attach cap- 
ture probes to Affi-Gel 102 oeacts lor use as binding elements as follows 

An Affi-Gei 102 gei Slurry (0 5 ml} was muno wnn 500 nmoie or DMA ongomor (either ALL or CML-specific capture 
prooe} ,n □ 5 mi water ana me pn was aqusna to 4.8-5 o wnn 50 M l 0 2 n hCI. AUer wmM of 0 5 mg ED AC. the pH 
was adjusted again witn 30 u.1 0.2 N nCiioa pHol 5 0. ana the mixture was shaken tor 3 hours « room temperas. 
A coupling efficiency or 70% was reacnea, Qinang 350 nmoie ol DNA Oligomer u> 400 yl of moist gel beads A glass 
capillary w.tn an inner diameter ol approximately 2.5 mm was plugged at one end with giaee wool and then loaded with 
alternating, layers of gel beads with or without attached capture probes. 

Demonstration ol Multiple Target Capt ure on the Device 

Synthetic model targets (ALL Or CML) were mixed with Selector probe m 3 x SSC (l x SSC = ISO mM NaCi. 15 
mM sodium enrate) so mat an prooes were at a concentration of l uM. After heating to 70»C tor 5 minutes, model 
targets end factor probos were hybrids* at room temperature tor 1 nout Anquots of tnis manure ware diluted wnn 
3 x SSC to give a final concentration of 25 pmole hyDrio, in a total volume of 300 u.1 The All targeHJetector prooe 
hybrid was passed mrougn a capillary containing alternating layers of oeads containing either ALL, CML, or no capture 
prooes (see above), with a flow rate of 75 jii/mmuta. The cavitary was then wasned twee w.tn l fffl 3 x SSC Tne area 
of mo capillary containing the gel-bed was imaged with a CCD device, using an appropriate system tor excitation of 
the FlTC fitorophore and capturing tne FlTC specific fluorescent light. 

Fig, 4A shows that all three areas containing ALL-specitic capture probes captured some or the model targe:- 
detector probe complex. The CML-specific target-detector probe complex was then applied to the capillary under me 
same conditions and after washing the capillary free ol unbound material, the capillary was imaged agam. Fig 4B 
snows capture or CML-specific target complex in gel zones containing CML-spedtic capture probes. Tha areas ol 
the gel between ins CML and ALL-specitc gei oeds contained no capture prooes, and therefore remain non-fluorescent. 
The glass wool plug snows some non-specific autofiuorescsnce 

DBmonstration ot Taiqei Specificity 

A glass capillary *as loaded with s single layer ol CML-specfc capture gel, and one layer each ol gal containing 
tne 2 mismatch (2MS) or 4 mismatch 14MS) capture probes, spacod by a gel layer without any capwie probes The 
CML-specilic rnoaei target-detector prooe hybrid (5 prnoie in 100 ul) was appiiao 10 tne capillary at a flow rate ol 0.01 3 
m/minuie The capillary was inen washed with 1 ml each oi 3 X SSC at 25 e C, 42'C. 52*C. 5S'C. and 70*0. Tho 
capillary was imaged Delore application of targel-delecTOr proee complex and after eacn wash. Different exposure 
times we re chosen tor eacn imago to avoid over or underexposure of critical areas. Fig. 5 Shows the autofluorescence 
of the glass wool Ortiy (after prolonged exposure), oetore application of the CML target, upon application of the CML 
model target at room temperature (approximately 23'C), Mtfiftg occurreato the 2MS mismatch and me CML-specfic 
capture zone but not ine 4MS mismatcn zone. After r&ismg the temperature to 42°C, me model target is released from 
the 2MS mismatch, but not from the CML model target zone, indicating mat largot-specific capture m specific zones 
ol mc device can oe acmevea at we appropriate temperature. 



□mar Embodiments 



it is to ba understood that, while the invention has been described in conjunction with the detailed aesenption 
thereof, the foregoing aesenption is intended to .nitrate and not limit the scope o! the invention Other aspects, ad- 
vaniagee, and modifications of the invention are withm mc scope of the following claims. 
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SEQUENCE LISTING 

(1J GENERAL INFORMATION 

(i) APPLICANT: Kuller, Uwe R. ee al . 

(ii) TITLE OF THE INVENTION: DEVICES AND METHODS FOR DETECTING 
MULTIPLE ANALYTES IN SAMPLES 

(lil) NUMBER OF SEQUENCES : 7 

(iv) CORRESPONDENCE ADDRESS: 
(A) ADDRESSEE: Vysis, Inc. 

IB) STREET: 2100 Wocdcreek Drive 

IC) CITY: Downers Grove 
(D) STATE : Illinois 

IE) COUNTRY: U.S.A. 

IF) ZIP; 60515 

<v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Diskette 
IB) COMPUTER: Tiwi compatible 
iCl OPERATING SYSTEM: DOS 
(D> SOFTWARE ; FastSEQ Version 2.0 

ivi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

{B> FILING DATE: . ' 

CO CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 
iA) APPLICATION NUMBER; 

(B) FILING DATE; 



CviiiJ ATTORNEY/ AGENT INFORMATION : 
(A) NAME: Galloway. Nerval B - 
13) REGISTRATION NUMBER: 33.595 
(C) REFERENCE/DOCKET NUMBER: 019B6/0640Q1 

Cix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 708-271-7417 

(B) TELEFAX: 708-271-7048 
<C> TELEX: 2001S4 



(21 INFORMATION FOR SEQ ID NO:l: 

U J SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 40 base pairs 

[B) TYPE, nucleic acid 
tC) STRANDEDNESS : single 
ID) TOPOLOGY: linear 

<UJ MOLECULE TYPE: Genomic DNA 



SS 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NQsl: 
GCTCCMTGA GAACCTCACC TAGCATCTGA CTTTGAGCCT 



(2) INFORMATION FOR SEQ ID N0;2: 

(il SEQUENCE CHARACTERISTICS : 
lA) LENGTH: 40 baae pairs 
7i (B) TYPE; nucleic acid 

{C! STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

3i (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

ACTCAGCCAC TGGATTTAAG TACCATCTGA CTTTGAGCCT 

(2) INFORMATION FOR SEQ ID NO: 3: 

» (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: U base pairs 

(B) TYPE: auflleie acid 

(C) STRANDED NESS : single 
{0} TOPOLOGY; Ufl=ar 

25 (ii) MOLECULE TYPE: Genomic DMA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3 ; 

TGAGGTTC TCATTGGAGC 

30 (2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 18 base pairs 

(B) TYPE: nucleic acid 

» (C) STRANDEDNESS ; single 

(D) TOPOLOGY: linear 

(iil MOLECULE TYPE: Genomic DNA 

<xi> SEQUENCE DESCRIPTION: SEQ ID WQ>*i 

40 

TAAATCCA GTGGCTGAGT 

<2) INFORMATION FOR SEQ ID NO:S: 

U> SEQUENCE CHARACTERISTICS : 
45 (A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 
(CI STRANDEDNESS: single 
(0) TOPOLOGY: linear 

w lii} MOLECULE TYPE: Genomic DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:$; 
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TAAATCCA GTGCCTQAGT 

(2) INFORMATION fOft SEQ ID 110:6 : 

S <i> SEQUENCE CHWlACT£aiSTlCS i 

(At LENGTH: 18 base pairs 

(B) TYPE; nucleic acid 
tc) STRAHDEDNESS : single 
ID) TOPOLOGY; linear 

10 

in] MOLECULE TYPE: Genomic ONA 

(Xi> SEQUENCE DESCRIPTION: SEQ ID NO : S 

7J TATATGCA GTGCCTCAGT 

12) INEOftMAIlON FOR S£Q ID NO: "7: 

ti) SEQUENCE CHARACTERISTICS: 
CM LEKGTX! 20 base pairs 
m {B) TYPE j aucleic acid 

(C) 3TRANDEPHEES i single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE; Genomic DMA 
2J ixi) SEQUENCE DSSCRIPTION: SEQ ID «0:7 

AGGCTCAA AGTCAGATGC TA 



SO 



35 



40 



£0 



65 
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SEQUENCE LIS'ING 



(1) GENERAL INFORMATION. 

(1) APPLICANT: 

(A) NAME. VYSlS, INC. 

CB) STREET, 3100 wOQDCREEK DRIVE 

(0 C1TV DOWNERS GROvE 

(D) STATE IL 

(E) COUNTRY: USA 

(F) POSTAL CODE CZIP): 6Q515-5400 

111) TITLE OF INVENTION: DEVICES AND METHODS FOR DETECTING MULTIPLE 
AnalyTES In SAMPLES 

(ill) NUMBER OF SEQUENCES: 7 

(lv) COMPUTER READABLE FORM' 

(A) MEDIUM TYPE: Floppy aisic 

(B) CCwpgTER: IBM PC companDle 

<C) OPERATING SYSTEM: PC-X5/H5-DOS 

CD1 SOFTWARE' Patentlr, Release #1 0. version #1 30 (EPO) 

U) CURRENT APPLICATION DATA: 

APPLICATION NUMBER- EP 97309831.2 

12) INFORMATION FOR SEQ ID NO; 1: 

Ci) SEQUENCE CHARACTERISTICS 
(A) LENGTH. 4D oase pairs 
IB) TYPE: nucleic acifl 
<C) STRANOEDNESS: single 
CO) TOPOLOGY ; linear 

Hi) MOLECULE TYPE; DNA (genomic) 



Cxi) SEQUENCE DESCRIPTION SEQ ID NO 1 

GCTCCMTGA GAACCTCACC TAGCATCTGA CTTTCAGCCT 

l2) INFORMATION FOR SEQ ID wO- 2: 

(l) SEQUENCE CHARACTERISTICS: 
(A) LENGTH : 40 Ddsa pairs 
(S) TYPE: nucleic acid 
(0 STRANDEDNE5S: single 
(0) TOPOlOGi: linear 

(i-i) MOLECULE TYPE: OnA (generic) 



Ui) SEQUENCE DESCRIPTION: SEQ 10 NO 1. 

ACTCAGCCAC TGGATTTAAG TaGCATCTGA CTTTGAGCCT 

12) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH; 18 Dase pairs 
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IB) TYPE- nudeie 2C1Q 
iC) STRAfJDEDNESS: single 
ID) TOPOLOGY linear 

en) molecule TYPE. DnA tgenonnc) 



Ul) SEQUENCE DESCRIPTION- SEQ 10 nO- 3- 
TGAGGTTCTC ATTC-GAGC 
(2] INFORMATION FOR SEQ 10 MO. 4. 

(l) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 18 tjase pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS single 
CO) TOPOlOSy: linear 

(n) mOlECulE TYPE. DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: <: 
TAAATCCAGT GGCTGAGT 
(23 INFORMATION FOR SEQ ID NO 5 

(i) SEQUENCE CHARACTERISTICS: 

(A) length: 18 ease pairs 

(B) TYPE: nucleic acid 
CO STRANPEDNESS: single 
CD) TOPOLOGY: linear 

(11) MOLECULE TYPE: QUA (genomic) 



Ul) SEQUENCE DESCRIPTION: SEQ ID NO: 5; 

TAAATGCAGT GCCTGAGT 

12) INFORMATION FOR SEQ ID NO: 6: 

U) SEQUENCE CHARACTERISTICS- 
(A> LENGTH. 18 base pairs 
(8) TYPE nucleic acid 
(C) STRANOEONESS: single 
CD) TOPOlOGY; linear 

(ii) mOlECulE "YPE: ONA (genome) 



(xi) SEQUENCE DESCRIPTION SEO ID HQ: 6- 
TATATGCAGT GCCTCaGT 
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(2) INFORMATION FOR SEQ 10 NO. 7 

O) SEQUENCE CHARACTERISTICS 
s (A) LENGTH 20 oase pairs 

(B) type, nucleic ana 

(C) STRAHDEMKS single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: ONA (genome) 

UU SEOUENCE DESCRIPTION: SEQ ID NO- 7 
i« AGGCTCAAAG TCAGATGCTa 20 

Claims 

20 

1 . An assay device Tor isolating an anaiyie From a sampis, saio qsvicb comprising a ubo containing a linear array ot 
oinaing elBmema. each linked to a distinct Dindmg teeter to which a corresponding specific component binds, 
wherein each ot said binding elements is configured to sealmgly contact ins interior surface of said lute along the 
entire circumference of me binding eiomeni 

26 

2. A dovice of claim 1 , nmerein said distinct binding lactor ot at least one of said Dinding elements compnses a capture 
probe, ana said conesponding specie component comprises a target anaiyie 

3. A device ol cl&tm l . wnerem said distinct Binding tactor of at least one 01 said binding elements comprises a member 
30 d a specific amding pair, and siiO corresponding specific component comprises tne oins-r memDcr of said specific 

binding pa.r and a capture props. 

4. A device o! claim i , wherein said lu&e is a capillary tube. 

3s 5. A devico ol claim 1 . therein said distinct binding factor Of at least one of said binding elements comprises a nucleic 
acid 

6. Tne aevice of claim 5, wherein said nucleic acid comprises a portion of an autocatalytically repiicseie nucleic acid. 

« 7. A device of Claim i . wherein said oistinet binding factor ot al least one of said binding elements comprises a 
poiypeptioa 

8. A device 01 claim l, wnerein at least two of said binding elements aio soparated from one anotner oy regions 
laeKing distinct binding factors 

9, A method for detecting the presence of an anaiyte m a sample, said method comprising tne steps of: 

labeling said anaiyte with a detectable laeet: 

contacting said analyte with a capture probe to form an analyte-caplure probs complex on a specific Dinding 
so element in a oevico of claim 1, 

removing from said complex said detectable label mat is not specifically bound to saio anaiyie in said complex, 
ana 

detecting said detectable iabet in saio Binding element as a measure of tne piesence of said anaiyie in said 
sample 

55 

10. The metnoa of claim 9, wherein s^io detectable label is a component of a detector probe. 

11, The method ot claim 9, wnerem saifl distinct binding factor comprises said capture probe and sad contacting step 
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ts carried out oy passing said anaiyie through said device. 

12, The meihod ot claim n. wherein said analyse is passed through said device multiple Tims* 

s 1 3. Trio meihod pf claim 1 1 . wherem said anaiyie is mechanically pumped through said device. 

14, Tne method of claim 11 , wherein said anaiyie is passed Through said dflvr.ce r>y application of an electric field to 
said analyiB. 

io IS. Tho memoci oi cla.m 9. wherein said analyse comprises a nucleic acid, a polypeptide, a carbohydrate, a lipid, a 
metabolite, Or a fl/ug 

16. The meihod o! claim 9. wherem sa.o detector prcoe comprises a nuclsic acid or a polypeptide 

75 17. Tne method of clatm 9, whorem said capture proce comprises a nuclei acid or a polypeptide, 

t8 Tne method of claim to, *nerem said analyte compress a nucleic acid, said detector probe comprises a portion 
' of an aaiwdlilyccaiiy repticable nucleic ae.d on one end and a first anaiyie binding element on thB other end; sad 
capture prooe composes the remainder oi said autocaiaiyueally replieabie nuciBc aod on one find and a second 
2Q analyte^,ndmg element on the other end; and said first and second anaiyta-bmding elements b.nd to adjacent 
nucleotide segments in eaid nuciee acd analyte; 

said mettioa further comprising the steps of ligaimg said first and second anayia-omdmg elsmems to each 
oihsr to form a replication template, and replicating said template to generate said delectable signal. 

26 The method of claim 9. wnerein said distinct binding factor ot said b,ndtng element comprises a member of a 
specific binding pair, said capture probe comprises the otter member oi said specific Binding pa.r. and said con- 
tacting stop is carried out by passing said sample and said capture probe through said device 

20. The meinoo ot claim 1 9, wnerem said sample and said capture probe are passed through said device muit,pie tunes. 

21. Tne matnoo ol ciaim i9. wnerein sa.d sample and said capture probe are mechanically pumped through said 
device 

22. The method of cam 1 9. wnerein said analyte and sajd capture probe are passed through sarf device by application 
35 of an electric field to said anaiyie and said capture probo. 

23. Tne meinod of c^m 19, wherein said labeling step ano said contacting step are earned out simultaneously. 

24. The method ol claim 1 9, whorom said contacting step is earned out oelore said labeling stop 

25. An assay system compnsmg a means for providing act,ve fluid transport in Hud conmuneaion with tho tuDe of 
claim i 

26. An assay system comprising a fluid transporter m fluid cornmumcawsh with tne tube of claim 1 . 

27 Ar> assay device tor isolating an anaiyie from a sample, said device composing a channel having an interior lumenal 
Surtace and containing a linear array o1 bmdmg elements, each faked to a disimct binding laetorto which a cor- 
responding specific component binds, wnerem each ot said binding elements comprises the lumenal surface of a 
distinct region ot said channel. 

50 

28. A osviee of claim 27, wnerein said channel is a lube. 

29. a device of claim 27, wherein at least one ot satd distinct dmdmg factors »s oouno to at least one of sa.d binding 
elements ay photolithography. 
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Cap:ur& of ALU specfie carget-signai aroze complexes 




Pos.cion of ALL specfic Capture prates 
Capture of ALL an CML specific tarse:-signal profce c=-n?:exss 



Position of CML specific Captur* probes 



Teflon vool 
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FIG, 5 
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